The prostate gland is believed to serve as a parasite reservoir in *Trichomonas vaginalis* infection in men \[[@b1-kjp-57-1-21]\]. Recently prostate cancer (PCa) is growing rapidly, accounting for a high proportion of male cancer cases. Usually the occurrence of cancer is often related with multiple factors. There is an increasing report of relevance to inflammation as a factor causing cancer reaction.

*Trichomonas vaginalis* had been found in the prostate parenchyma as well as the mucosa of the urethra and prostatic duct \[[@b1-kjp-57-1-21]\]. *T. vaginalis* is generally known as a surface-dwelling organism but the discovery of trichomonads in endo-epithelial cells and in sub-epithelial tissues has shown that they are capable of invasion \[[@b1-kjp-57-1-21],[@b2-kjp-57-1-21]\]. Chronic inflammation is known to play an important role at the occurrence and progression of several types of cancer, including prostate cancer \[[@b3-kjp-57-1-21]\]. There are many reports that chronic inflammations have associated with benign prostatic hyperplasia (BPH)/PCa. It also reported that chronic inflammation of benign prostate tissue was associated with PCa \[[@b4-kjp-57-1-21]\].

Trichomoniasis is the most common curable sexually-transmitted infection, with an estimated 276.4 million new cases worldwide annually \[[@b5-kjp-57-1-21]\]. The rate of infection of male partners by women with trichomonal vaginitis is reported to reach 73% \[[@b6-kjp-57-1-21]\]. Over 75% of men harboring *T. vaginalis* are asymptomatic and may not seek treatment, and this can result in chronic inflammation \[[@b7-kjp-57-1-21]\].

Prostatitis is a very common disease with high prevalence rate ranging from 3--16%, and half of patients had a recurrence after appropriate treatment. Half of the male may have prostatitis once in a lifetime. Prostatitis can occur in all ages and is known as the most common outpatient disease in urology clinic, especially in the more than 50-year-old man. One hundred fifty one patients (10.5%) were reported to detect with trichomonas infection in the 1,442 patients with chronic prostatitis in Croatia men \[[@b8-kjp-57-1-21]\]. Also, high infection rate (34%) of trichomonas infection by PCR was found in tissues of BPH \[[@b9-kjp-57-1-21]\]. So, *T. vaginalis* was recognized as a major cause of chronic prostatitis and BPH.

However, there are a few reports on the prevalence of trichomonas infection in Korean men. Lee et al. \[[@b10-kjp-57-1-21]\] reported a higher rate of *T. vaginalis* infection (21.2%) in patients with chronic prostatitis and urethritis with PCR method. In recent study, the prevalence of *T. vaginalis* and associated clinical conditions were evaluated in male patients from a primary care urology clinic in South Korea. Among the *T. vaginalis* positive patients, 87.5% had prostatic diseases, such as prostatitis and BPH \[[@b11-kjp-57-1-21]\].

Sutcliffe et al. \[[@b12-kjp-57-1-21]\] firstly reported that a group of PCa had a higher seropositive rate to *T. vaginalis* (12.6%) than controls (9.4%). Stark et al. \[[@b13-kjp-57-1-21]\] also support for an association between a seropositive status for antibodies against *T. vaginalis* and the risk of Pca by analysis of large prospective study. Non-theless, the studies for seropositivity to *T. vaginalis* in prostatic tumor (BPH and PCa) as compared to the control group were not many in the world. No study has been reported in Korea. The purpose of this study is to investigate the serum antibodies to *T. vaginalis* in BPH and PCa patients and to compare with control healthy group.

As study population, a total of 183 men were enrolled between October 2013 and November 2014. They consisted of 139 with BPH (mean age: 64.0±0.07) and 44 with prostate cancer (mean age: 73.3±0.18) who were undergoing treatment in the Department of Urology, Hanyang University Seoul & Guri Hospital. Inclusion criteria of BPH were (1) scores of 8 and more as International prostate symptom scores (IPSS) (2) \<4 ng/ml of PSA (3) \>20 ml of prostate volume (measured by transrectal ultrasonography; TRUS), and (4) \>4 ng/ml of PSA and no evidence of malignant tumor on TRUS biopsy. Also, PCa patients proven by TRUS biopsy were only selected if they had undergone radiologic evaluation to determine their TNM clinical stage. Radiologic evaluation was carried out via prostate MRI and whole body bone scan ([Table 1](#t1-kjp-57-1-21){ref-type="table"}).

Sera were obtained from 139 patients with BPH, 44 with prostate cancer and 58 male healthy volunteers (mean age: 40.4±0.15) who visited Hanyang University International Hospital Health Promotion Center. Healthy volunteers had no history of prostatic disease \[[@b14-kjp-57-1-21]\]. Blood samples of 7 ml were collected, and plasma was stored at −70°C. This study was approved by the Institutional Review Board of Hanyang University and written informed consent was obtained from patients and controls (IRB No. HYUH 2013-04-028-006). For determining the sensitivities of the ELISA assay, 52 sera from women with trichomoniasis who visited the Gynecology Clinic formed the positive control group. For the negative control group, sera were collected from 27 male volunteers aged between 21 and 24 years with no history of any sexual encounters.

For antigen preparation of ELISA, 8 *T. vaginalis* strains were used for the mixed lysate Ag (1 Korean strain \[KT4\], 2 Korean strains from men \[KT55, KT56\], 2 metronidazole-resistant Korean strains \[KT52, KT53\], 1 metronidazole sensitive \[T016\] and 1 resistant \[IR78\] USA strain, and 1 metronidazole sensitive Japan strain \[YA-1\]).

Each of 8 strains was cultivated in TYM (trypticase-yeast extract-maltose) medium supplemented with 10% horse serum, washed 3 times with PBS and frozen at −70°C and thawed at 4°C \[[@b15-kjp-57-1-21]\]. And then, it was disrupted by sonication. After centrifugation at 10,000 g for 1 hr, the supernatant was stored at −70°C. For the ELISA experiment, 96-well ELISA plates were coated with 5 μg/ml of diluted mixed lysate Ag and incubated overnight at 4°C. The plates were washed thrice with PBS-Tween 20 (0.05% Tween 20 in PBS \[pH 7.0\]) followed by the addition of 100 μl/well of blocking buffer (5% BSA \[bovine serum albumin\] in coating buffer). After incubation at 37°C for 2 hr, the plates were washed thrice with PBS-Tween 20. Serum diluted 1:100 in PBS containing 2% BSA, was added to each well. After incubation for 1 hr at 37°C, the plates were washed thrice with PBS-Tween 20, followed by the addition of 100 μl/well of secondary goat anti-human IgG (Jackson Immuno Research, West Grove, Pennsylvania, USA) conjugated to horseradish peroxidase and diluted 1:40,000 in PBS containing 2% BSA. The plates were incubated for 1 hr at 37°C and washed thrice with PBS-Tween 20. Color was developed by adding 100 μl/well of substrate solution (TMB Microwell Peroxidase Substrate System, KPL, Gaithersburg, Maryland, USA) and incubating the plates at room temperature for 30 min. Absorbance was measured with an ELISA reader (Bio-Rad, Hercules, California, USA) at 490 nm after 20 min incubation with stop solution (2.5M H~2~SO~4~). Sera were classified as negative if the ELISA ODs were lower than the relevant cutoff value. These were established as the mean OD (0.143) plus twice the standard deviation ODs (0.0284) in samples obtained from the 27 healthy male volunteers. The cutoff OD value measured was 0.2. Serosensitivity (71.2%) in 52 women infected with *T. vaginalis* was significantly higher than that of 27 male healthy control (3.7%). Statistical analysis was performed using SPSS 21.0 software (IBM, Armonk, New York, USA). The results were compared using Chi-square tests.

As results, serologic positive rate of 139 BPH and 44 PCa were 18.7% and 22.7%, respectively. Statistical difference was not observed between 2 groups. Each group had significantly increased seropositivity compared with that of comparing group (n=58) who visited Hanyang University International Hospital Health Promotion Center and had no history of prostatic disease (1.7%). Also, the positive rate (19.7%) of 183 prostatic disease (139 BPH+44 PCa) showed significantly increased seropositivity than that of comparing group (*P =*0.001) ([Fig. 1](#f1-kjp-57-1-21){ref-type="fig"}). The optical densities of women trichomoniasis seemed to be more widely distributed than those of prostatic disease (data not shown). Also, prevalence of patients in Seoul and Guri Hospital showed significant differences as 3.8%, 31.4%, respectively (*P*-value*=*0.000). There is a regional difference of seropositivity to *T. vaginalis* (data not shown).

Prostatic inflammation plays a central role in the pathophysiology of prostatic disease, as chronic inflammation is often found in biopsy and surgical specimens of men with BPH/PCa. One possible source of chronic, prostatic inflammation is sexually transmitted infections. *T. vaginalis* infection is the most common curable sexually transmitted infection in worldwide, and it can elicit chronic inflammation within the parenchyma of prostatic glands.

The epidemiologic evidence for an association of *T. vaginalis* and PCa risk showed conflicting results as follows; Sutcliffe et al. \[[@b12-kjp-57-1-21]\] and Stark et al. \[[@b13-kjp-57-1-21]\] suggested association between seropositivity to *T. vaginalis* and the risk of PCa. However, Shui et al. \[[@b16-kjp-57-1-21]\] examined that *T. vaginalis* serostatus was not associated with an increased risk of metastatic PCa.

The aim of this study was to assess whether BPH/PCa is associated with *T. vaginalis* serostatus in Korea. Serologic positive rate of 139 BPH and 44 PCa were 18.7% and 22.7%, respectively. In contrast, healthy control showed low serologic evidence of 1.7%. Thus, it is suggested that about 20% of BPH/PCa patients are presumed to have *T. vaginalis* infection in their infection history. However, higher seropositivity in BPH and PCa is partly explained by their old age (mean age: BPH; 64.0, PCa; 73.3 years) comparing with younger age of healthy group (40.4 years).

Trichomoniasis is a sexually transmitted infection. Thus, theoretically one isolate could spread around the world. But various biological characteristics such as virulence level or metronidazole sensitivity level of *T. vaginalis*, isolates from male or female, isolates from domestic or foreign country, could affect on the antigenicity of *T. vaginalis*. Our previous report, mixed lysate antigen of 6 strains showed higher sensitivity than that of single strain as antigen in ELISA \[[@b15-kjp-57-1-21]\]. Also, mixed lysate antigen from 8 strains showed higher sensitivity and specificity than α-actinin \[[@b17-kjp-57-1-21]\]. Therefore, in this study, mixed lysate antigen is prepared with 8 strains of *T. vaginalis*. Two USA, 1 Japan and 5 Korean strains were included in mixed antigen. Also, 2 Korean strains from men and 3 metronidazole--resistant strains were contained in mixed antigen. The sensitivity and specificity of this ELISA was 71.2% and 96.3%, respectively. Five studies which dealt with the performance of ELISAs for vaginal trichomoniasis have been reviewed; their pooled sensitivity was 82% and pooled specificity was 73% \[[@b18-kjp-57-1-21]\]. The ELISA using mixed lysate Ag in the present study demonstrated higher specificity (96.3%) than the pooled data, while their sensitivity was similar to that of the pooled data.

Women trichomoniasis indicated widely distributed optical density (data not shown). In contrast, prostatic disease patients showed optical density of narrow range ([Fig. 1](#f1-kjp-57-1-21){ref-type="fig"}). Therefore, it is necessary to develop ELISA to know exact seroprevalence of male trichomoniasis.

This study had several limitations. First limitation is the age-difference between the study group and the healthy control group. Actually, the prevalence of prostate disease in men over 60 is more than 60%. It was not easy to get prostate-related healthy volunteers who were older than 60. Second limitation is that the population number of this study (especially PCa) was small (n=44). Sepositivity of PCa (22.7%) is higher than that of BPH (18.7%) though it was not marked difference between the 2 groups. In addition, 57 BPH (1.8%) and 21 PCa (9.5%) in Seoul Hospital showed distinct difference in seroprevalence although *P*-value between 2 groups is 0.11. Presumably based on this result, if a large-scale study would be conducted, the seropositive rate in PCa group may be expected to be higher than BPH.

Interestingly, there is a regional difference in seropositivity to *T. vaginalis* between Seoul and Guri Hospital. Prevalences of patients in Seoul and Guri Hospital are 3.8% and 31.4%, respectively (data not shown). However, our previous studies have been reported higher prevalence of *T. vaginalis* in Guri city; 424 women attending an outpatient health screening at Guri Hospital showed higher seropositivity (39.2%) by ELISA, and 177 symptomatic women showed a high positivity rate of 10.4% by PCR \[[@b17-kjp-57-1-21],[@b19-kjp-57-1-21]\]. These high infection rates in women residing in Guri city would be helpful for explanation about high seropositivity in men of Guri city. More research to find out the cause of regional differences in seropositivity to *T. vaginalis* is required.

However, *T. vaginalis* had been found in prostate stroma and epithelium by immunoperoxidase stain, in BPH tissue and urine of prostatitis by PCR \[[@b1-kjp-57-1-21],[@b2-kjp-57-1-21],[@b9-kjp-57-1-21]--[@b11-kjp-57-1-21]\]. Our previous studies demonstrated that *T. vaginalis* experimentally cause inflammatory response in prostate epithelial and stromal cell lines through cytokine production and migration of inflammatory cells, and also induce proliferation of stromal cell via crosstalk with mast cell \[[@b20-kjp-57-1-21]--[@b22-kjp-57-1-21]\] In addition, Sutcliffe et al. \[[@b23-kjp-57-1-21]\] hypothesized that *T. vaginalis* infection may contribute to carcinogenesis via inflammation; *T. vaginalis* adherence to prostate epithelial cells trigger a cell-signaling cascade through known proto-oncogenes, PIM1, c-MYC, HMGA-1, that may ultimately lead to prostate carcinogenesis. In line with above description, to explore association between *T. vaginalis* and PCa/BPH, further study on seroprevalence with a large number of prostatic tumor (PCa/BPH) and age-matched control is required.

Taken together, the patients with prostatic tumor such as BPH and PCa showed significantly higher seropositivity to *T. vaginalis* than healthy group without prostatic diseases. This is the first report about seroprevalence in prostatic tumor in Korea.
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Patient demographic and clinical data

                 No disease   BPH         PCa         BPH+PCa
  -------------- ------------ ----------- ----------- -----------
  Total number   58           139         44          183
  Mean age       40.4±0.15    64.0±0.07   73.3±0.18   66.2±0.06
  PSA (ng/ml)    0.9±0.00     2.6±0.03    90.2±5.75   23.9±0.71
  TRUS (ml)      \-           39.3±0.13   52.2±0.98   41.9±0.14

All the data are expressed as means±standard errors except for total numbers.

BPH, benign prostatic hyperplasia; PCa, prostate cancer; PSA, prostate-specific antigen; TRUS, transrectal ultrasonography.
